24 High-mobility group box 1 (HMGB1) is a damage-associated molecular pattern with key 25 proinflammatory functions following tissue injury. Moreover, HMGB1 neutralization was shown to 26 alleviate LPS-induced shock, suggesting a role for the protein as a master therapeutic target for 27 inflammatory and infectious diseases. Here, we report that HMGB1 neutralization impedes 28 immune responses to Listeria monocytogenes, a wide-spread bacterium with pathogenic 29 relevance for humans and rodents. Using genetic deletion strategies and neutralizing antibodies, 30 we demonstrate that hepatocyte HMGB1, a major driver of post-necrotic inflammation in the liver, 31 is dispensable for pathogen defense during moderately severe infection with listeria. In contrast, 32 antibody-mediated HMGB1 neutralization and HMGB1 deficiency in myeloid cells effectuate rapid 33 and uncontrolled bacterial dissemination in mice despite preserved basic leukocyte functionality 34 and autophagy induction. During overwhelming infection, hepatocyte injury may contribute to 35 increased HMGB1 serum levels and excessive inflammation in the liver, supporting context-36 dependent roles for HMGB1 from different cellular compartments during infection. We provide 37 mechanistic evidence that HMGB1 from circulating immune cells contributes to the timely 38 induction of hepatic immune regulatory gene networks, early inflammatory monocyte recruitment 39 to the liver and promotion of neutrophil survival, which are mandatory for pathogen control. In 40 summary, our data establish HMGB1 as a critical co-factor in the immunological clearance of 41 listeria, and argue against HMGB1 neutralization as a universal therapeutic strategy for sepsis. 42 43 44 45 46 47 48 3 49 Author summary
231 disintegration and apoptosis, as both numbers of Zombie + AnnexinV -PMN (indicating non-232 apoptotic cell death) and Zombie + AnnexinV + (indicating cell death from apoptosis) PMNs tripled 233 after exposure to listeria in vitro. Hmgb1 ΔLysM PMNs displayed higher numbers of Zombie -234 AnnexinV + (indicating early apoptosis) PMNs after isolation, suggesting that while listeria regularly 235 induces apoptotic and non-apoptotic cell death in these cell types, HMGB1 may prevent early 236 programmed cell death events in PMNs (Fig. 4B) . Apart from the overwhelming bacterial burden 237 in vivo at later time points in Hmgb1 ΔLysM animals, it is thus conceivable that HMGB1 may act as 238 a paracrine survival signal, effectuating the excessive accumulation of apoptotic PMNs observed 239 in the absence of leukocyte HMGB1.
240 In light of the critical role of hepatic macrophages (both Kupffer cells as well as circulating bone-241 marrow derived monocytes) as primary sequestration sites of circulating listeria, we next 242 assessed monocyte responses after in vitro-exposure to Listeria monocytogenes. We observed 243 a near-complete absence of intra-and extracellular HMGB1 in cultivated primary Hmgb1 ΔLysM 244 macrophages ( Fig. 5C and Suppl. Fig. S1G ). Pathogen uptake into Hmgb1 ΔLysM BMDMs was 245 comparable to Hmgb1 f/f BMDMs, and preceded intracellular bacterial degradation independent of 246 the mouse genotype, resulting in >90% degraded listeria eight hours after internalization of 247 bacteria in both groups (Fig. 5D ). HMGB1 deletion neither affected inflammatory gene 248 transcription in BMDMs nor TNFα or IL1β release at baseline or after exposure to comparable 249 bacterial concentrations (MOI=10) or LPS ( Fig. 5E-F) , thus ruling out cell-intrinsic interferences 250 between our deletion strategy and inflammatory gene induction or cytokine release in BMDMs.
Differential mononuclear cell recruitment and immune pathway activation contribute to
252 impaired bacterial clearance in Hmgb1 ΔLysM . Having established the apparently preserved 253 basal functions of immune cells from Hmgb1 f/f and Hmgb1 ΔLysM mice in vitro, we aimed to further 254 elucidate mechanisms that may account for the impaired immunologic control of systemic 255 listeriosis in Hmgb1 ΔLysM animals. We thus examined immune responses in the early course of 256 infection, where bacterial titers started to diverge between Hmgb1 f/f and Hmgb1 ΔLysM animals ( Fig.  257 6A) . We observed robust early infiltration of neutrophils into the liver, with higher PNM numbers 258 in Hmgb1 ΔLysM mice after 24 hours, reflecting intact recruitment in both groups, proportional to the 259 respective pathogen burden ( Fig. 6B) . In contrast, we observed a profound reduction of infiltrating 260 CD11b + Ly6G -Ly6C + cells, and particularly CD11b + Ly6G -Ly6C high cells into Hmgb1 ΔLysM livers (cf. 261 Suppl. Fig. S8 for gating strategies) contrasting the increased bacterial burden (Fig. 6C) . In the 262 context of bacterial infection, these inflammatory monocytes are rapidly mobilized from the bone 263 marrow and recruited to the liver and spleen, where they exert important functions in the 264 orchestration of the ensuing immune response (39,40). Moreover, we and others (26) observed 265 a strong accumulation of F4/80-positive cells in the liver 24 hours after infection, which largely 266 disappeared after 3 days as assessed by F4/80 immunohistochemistry and F4/80 qPCR (Suppl.
267 Figure S3 ). The effect is typically attributed to phagocyte necroptosis (26), and, based on hepatic 268 F4/80 expression, was markedly enhanced in Hmgb1 ΔLysM animals, potentially affecting inter-269 phagocyte crosstalk.
270 Given the "receptor promiscuity" of HMGB1, which reportedly associates with partner molecules 271 such as LPS, ssDNA, IL1β and nucleosomes to enhance activation of their respective receptors 272 (41), we next studied innate immune activation patterns in livers of Hmgb1 f/f and Hmgb1 ΔLysM 273 animals with comparable bacterial titers and thus equivalent exposure to pathogen and 274 associated PAMPs after 24 hours ( Fig. 6A , marked green). Heat map analysis demonstrated 275 close transcriptional resemblance between untreated Hmgb1 f/f and Hmgb1 ΔLysM mice, whereas 276 treated mice from both groups clearly clustered according to their genotype, indicating differential 277 gene expression depending on the leukocyte HMGB1 status following infection ( Fig. 6D) . Of note, 278 Nanostring analysis revealed >log2-fold differential expression of only 48/734 (6.5%) genes 279 involved in innate immune cell regulation between Hmgb1 f/f and Hmgb1 ΔLysM livers, and there was 280 a dominance of proinflammatory gene overexpression in HMGB1-deficient animals ( Fig. 6E) . 
HMGB1 from circulating and liver-resident immune cells contributes to microbicidal
313 activity. Infection with listeria triggers liver-resident phagocyte necroptosis followed by monocyte 314 recruitment and the induction of an antibacterial type 1 inflammatory response (25). To further 315 elucidate the relative contributions of HMGB1 from liver-resident phagocytes and bone-marrow 316 derived immune cells, we generated Hmgb1 ΔLysM bone-marrow chimeric mice. Both wild-type 317 (WT) mice replenished with Hmgb1 ΔLysM bone marrow and Hmgb1 ΔLysM mice with WT bone 318 marrow exhibited impaired clearance of listeria, with an attenuated disease phenotype compared 319 to Hmgb1 ΔLysM >Hmgb1 ΔLysM chimera ( Fig. 7A-B) . We observed higher bacterial titers, 355 Here, we aimed to address the therapeutic suitability of HMGB1 neutralization during infection 356 with Listeria monocytogenes, a widely distributed bacterium causing severe infections 357 predominantly in pregnant women, elderly and immunocompromised patients. Surprisingly, 358 neutralizing HMGB1 antibodies did not confer host protection, but instead resulted in higher 359 bacterial titers, aggravated hepatic inflammation and exacerbated tissue damage, indicating 360 functions of extracellular HMGB1 that are critical for pathogen defense and limit its suitability as 387 These observations are compatible with the observations that hepatocyte HMGB1 triggers 388 damage-induced inflammation in the liver (5), and mediates lethality during severe bacterial 389 sepsis (13). Further studies exploring interventions targeted against specific HMGB1 isoforms, 390 during different phases of the immune response and in varying disease severities may decisively 391 augment our understanding of the dynamics of HMGB1 signaling during infection. In this regard, 392 the fact that ablation of HMGB1 from dendritic cells via Cd11c-Cre (Hmgb1 ΔDC ) also increases 393 bacterial titers and inflammation in the liver (Suppl. Fig. S5 ) further corroborates the importance 394 of intercellular signaling via HMGB1 in the induction of an effective antibacterial response.
395 The general phenotype observed in our Hmgb1 ΔLysM animals during infection is in accordance with 396 a previous report (18), in which the increased sensitivity of mice with myeloid-cell specific HMGB1 397 deletion towards LPS challenge and infection with listeria was ascribed to impaired autophagy, 398 reflected by the reduced accumulation of autophagy marker LC3-II, in phagoyctes. Using our 399 conditional HMGB1 knockout animals, we previously found no phenotypic or metabolic alterations 400 typically associated with defective autophagy, in HMGB1-deficient cells including hepatocytes, 401 macrophages, mouse embryonic fibroblasts and cardiac muscle cells at baseline or under 402 conditions of cellular stress (33). Likewise, in the present study, we did not observe autophagy 403 defects in phagocytes of Hmgb1 ΔLysM mice as a potential explanation for impaired pathogen 404 clearance. We detected comparable accumulation of LC3-II, a marker of autophagy induction, in 405 stimulated primary BMDMs as well as in whole liver lysates. While we did observe accumulation 406 of p62 in whole livers of Hmgb1 ΔLysM mice, immunohistochemistry revealed high p62 expression 407 almost exclusively in hepatocytes surrounding granuloma, likely as a "stress response" in 408 Hmgb1 ΔLysM livers exposed to overwhelming bacterial burden. On a more functional level, we 409 observed intact phagocytic activity, intracellular bacterial degradation and inflammatory cytokine 410 induction in HMGB1-deficient monocytes, as well as preserved bactericidal activity of neutrophils 411 in the absence of intracellular HMGB1, indicating that these critical immunological functions are 412 likely induced by PAMPs and/or other DAMPs during listeriosis. However, Hmgb1 ΔLysM mice 439 Of several genes, interferon-γ was particularly suppressed in Hmgb1 ΔLysM compared to Hmgb1 f/f 440 after 24 hours following infection. It has been suggested that during infection with listeria, 441 interferon-γ production, presumably by NK cells or T lymphocytes, regulates macrophage 442 activation and bacterial clearance as well as the induction of long-term protective cellular immunity 443 (64). Strikingly, RAGE -/mice also display decreased levels of interferon-γ compared to wild-type 444 mice during listeriosis; however, these mice are generally protected from the injurious effects of 445 the microorganism. In line with this notion, RAGE deficiency in dendritic cells, but not in other 446 myeloid cells, resulted in increased bacterial killing compared to Ager-floxed controls (Suppl. 
